A number of laryngeal masks are available, including both re-usable and single-use masks. Single-use laryngeal masks may decrease the risk of transmitting prion infections. We performed a single-blind randomized trial in 200 spontaneously breathing female patients under general anaesthesia with nitrous oxide, to compare a new single-use laryngeal mask, the SoftSeal™ (Portex Ltd, U.K.), with a re-usable laryngeal mask, the LMA Classic™ (Laryngeal Mask Company Ltd., Cyprus). The primary outcome was successful insertion at the first attempt. Size 4 single-use (n=99) or re-usable (n=100) laryngeal masks, inserted by experienced anaesthetists, were equivalent for successful placement at the first attempt (90% versus 91% respectively). The single-use mask was less easy to insert (47% difficult versus 9%, P<0.001). Clinical and anatomical tests of position and function were similar. The cuff pressure of the re-usable mask increased significantly compared with the single-use mask (median +10 cm versus -2 cm H 2 O, P<0.001). Forty per cent of patients allocated the single-use mask and 20% of those allocated the re-usable mask experienced sore throat at 24 hours postoperatively (P<0.05). An estimation of cost per patient use was greater for the re-usable mask.
Since its release in the United Kingdom in 1988, the laryngeal mask airway (LMA™) has been used for airway management in over 60 countries. In addition to elective anaesthesia for spontaneously breathing patients, the laryngeal mask has established a role during intermittent positive pressure ventilation, in resuscitation, and in the management of the difficult airway 1 . The re-usable laryngeal mask (RLM), the LMA Classic™ (Laryngeal Mask Company, Cyprus) is constructed of medical-grade silicon rubber, permitting washing and autoclaving. Maximum recommended re-use is 40 occasions, due to deterioration in tube and cuff strength, weakening of the adhesive between the tube and bowl, and failure of the inflation valve. However, this recommendation is frequently ignored 2 . Several alternative masks, with design modifications to meet other clinical requirements, have become available recently. The Laryngeal Mask Company single-use laryngeal mask (the LMA Unique™) was released in 1997 and functions similarly to the RLM 3, 4 . In the opinion of some, this mask, made of polyvinyl chloride (PVC), is not cost-effective and is more difficult to insert 5 .
In 2002, another single-use laryngeal mask (SULM) constructed of thermosensitive PVC was marketed (SoftSeal™ LM, Portex Ltd, U.K.). Compared with the RLM, this mask has features such as a bowl without epiglottic aperture bars, a cuff inflation line fused to the tube and, in vitro, stable cuff pressure in the presence of nitrous oxide (personal communication, Sims Portex Ltd. data on file). As part of a pre-marketing research program, a single-blind randomized controlled trial was performed to compare this Portex SULM with the RLM. The principal aim was to compare the clinical acceptability of the two devices in spontaneously breathing patients under general anaesthesia.
METHODS
This single-blind, randomized, multi-centre trial received Ethics Committee approval at two sites, King Edward Memorial Hospital for Women and Royal Perth Hospital. Female patients aged 18 to 80 years, weighing 50 to 70 kg, scheduled for minor surgery under general anaesthesia with spontaneous ventilation, and giving written informed consent, were recruited. This population was selected because only the size 4 Portex SULM was available for evaluation. Exclusion criteria included unsuitability for airway management with a laryngeal mask, known or predicted airway difficulty or respiratory pathology, head and neck surgery, patient positioning other than supine, and previous enrolment in the trial.
Laryngeal mask insertion was performed by the attending anaesthetist, provided he or she had experience of more than 500 insertions of the RLM. Patients were randomly allocated, according to a computer-generated random number sequence and using a sealed coded envelope, to receive either the Portex SULM or the Laryngeal Mask Company RLM. The insertion technique followed the manufacturers' recommendation, which included having the cuff fully deflated. During preoxygenation, intravenous fentanyl 0.5 µg/kg and midazolam 1-2 mg were administered. Anaesthesia was induced with propofol, titrated to loss of consciousness (loss of response to command and loss of lash reflex) and jaw relaxation. Anaesthesia was subsequently maintained with sevoflurane and 66% nitrous oxide in oxygen. After the laryngeal mask was inserted, the anaesthetic breathing circuit was attached and directed caudad. The cuff of the laryngeal mask was slowly inflated with air until the point that chest movement was clinically adequate during manual ventilation at an inflation pressure of less than 20 cm H 2 O. The time from entry of the mask into the mouth until the "just seal" point, and the volume of air required in the cuff, were recorded. Cuff pressure was measured using a hand-held aneroid barometer (Portex cuff inflation/manometer 100/568/000), with a maximum pressure of 60 cm H 2 O permitted. To further assess the cuff seal, at a fresh gas flow of 3 l/min with the expiratory valve closed, it was determined whether an airway pressure of 20 cmH 2 O could be generated. An observer rated the ease of insertion (very easy; easy; difficult; very difficult) and assessed the mask position with clinical tests such as anterior displacement of the larynx, upward movement of the device with cuff inflation, midline position of the line on the mask tube and chest movement 6 . Minor adjustment of position was permitted, but insertion at the first attempt was deemed to have failed if the laryngeal mask required withdrawal into or from the mouth for re-insertion.
The anatomical position of the mask was observed fibreoptically, with the tip of the flexible laryngoscope at the end of the mask tube and rated 1=only vocal cords visible; 2=cords and posterior epiglottis visible; 3=cords and anterior epiglottis visible; 4=vocal cords not seen 7 . At the completion of surgery the cuff pressure was re-measured and the duration of placement of the laryngeal mask noted. At removal (without deflation), the presence or absence of blood on the mask was noted. At 2 and 24 hours postoperatively (by telephone if necessary) patients were questioned about the presence and severity of sore throat. A cost estimation per use was based on a purchase price of A$18 for the SULM and A$250 for the RLM. The cost for the RLM was the sum of A$6.25 per use (based on 40 uses per mask) and the combined cost of salaries and materials for cleaning, inspection, packaging and sterilization, as calculated by the Royal Perth Hospital Supply Division.
The primary outcome was the rate of successful insertion at the first attempt. Our hypothesis was that successful insertion of the SULM would demonstrate non-inferiority to that of the RLM, when the expected rate of success with the RLM was 0.95 3, 4 . An insertion rate below 0.85 for the SULM was regarded as clinically inferior. A sample size of 100 per group achieved 89% power for the noninferiority test of proportions at a 5% significance level. Secondary outcomes of interest included the ease of insertion, the change in cuff pressure during anaesthesia and the incidence of postoperative sore throat. Complications of insertion, maintenance or removal, other than removal of the mask at any stage for an alternative method of airway management or postoperative sore throat, were not recorded. Group comparisons were performed using chi-square tests for categorical data and Mann-Whitney tests for continuous data (non-parametric inference was required due to lack of normality). Continuous outcomes were summarized using medians and interquartile ranges, [1st quartile, 3rd quartile]. Potential predictors of sore throat, such as ease and time for insertion, duration of mask placement, change in cuff pressure and presence of blood on the mask were examined for association with the incidence of sore throat by logistic regression. Statistical analysis was performed using S-Plus software (S-Plus for Windows, 2000, MathSoft Inc., Seattle, WA) and two-sided P values (except for the test of non-inferiority) were presented, with P<0.05 considered statistically significant.
RESULTS
Two hundred women were recruited and 199 completed this study. A data set from one patient (SULM) was excluded after it was noted that she had participated previously. A total of 52 anaesthetists (20 at one site and 32 at the other) inserted the masks.
The groups were similar for patient demography, type of surgery and duration of laryngeal mask placement ( Table 1 ). The incidence of successful insertion at first attempt was 89% for the SULM versus 91% for the RLM. The P value for this result (0.008) indicates that the study hypothesis that the SULM was non-inferior to the RLM was met. There was no failure of insertion with either mask and no mask required removal because of an airway complication following successful placement. Insertion of the SULM took significantly longer and was rated more difficult (P<0.001)( Table 2 ). The cuffs of the masks were inflated with similar volumes of air (median [IQR, interquartile range] 11 [11, 20] ml SULM versus 12 [9, 17] ml RLM, P=0.18), but the initial and final cuff pressures were significantly lower in the SULM than in the RLM (35 [20, 48] cm vs 40 [24, 54] cm H 2 O for initial and 28 [16, 20] The anatomical positioning of the masks was similar, with only the cords visible in 23% and 26% of cases (SULM vs RLM, P=0.74). There was a trend toward a higher incidence of being able to generate an airway pressure of 20 cm H 2 O in the SULM group (47% versus 33% RLM, P=0.06). There were no significant differences between groups for clinical assessments of position or function ( Table 3) . The SULM was associated with a higher incidence of blood on the mask at removal (P<0.001) and a higher incidence of sore throat at 24 hours (P<0.05), but not 2 hours, postoperatively ( Table 4 ). The odds ratio of experiencing sore throat with the SULM was 2.15 (95% confidence interval 1.22-3.78) relative to the RLM. No other risk factors for sore throat were identified. Factors examined included ease of insertion (P=0.88); duration of mask placement (P=0.64); initial or final cuff pressure (P=0.13 and P=0.17 respectively); change in cuff pressure (P= 0.13); and the presence of blood on the mask (P= 0.10).
An estimate of per patient cost was A$18 for the SULM and A$29 for the RLM ($6.25 per use based on purchase cost plus $22.75 for maintenance and re-use).
DISCUSSION
The main finding of this study is that the success of insertion of the SULM at the first attempt was high and similar to that of the RLM despite it being rated as more difficult to insert. The clinical utility of the SULM was acceptable for spontaneously breathing patients, with anatomical placement in relation to the glottis and clinical function similar to the RLM. In contrast to the RLM, the SULM cuff pressure did not increase in the presence of nitrous oxide. This did not appear to affect clinical outcome. Indeed, there was evidence of increased mucosal trauma and a higher incidence of sore throat with the SULM, possibly because insertion was more difficult.
Although 80% success in placement of the fully deflated RLM at first attempt is reported 8, 9 , most studies describe an incidence above 90% 3,4,10,11 . Our results for both types of laryngeal mask were similar. In paralysed patients, success in 86% and 98% of cases has been reported with the original disposable laryngeal mask, the LMA Unique™ (Laryngeal Mask Company, Cyprus) 3, 4 . In terms of the success of insertion, anatomical positioning and function, the SULM seemed clinically acceptable during spontaneous ventilation. The SULM may have disadvantages compared with the RLM with respect to ease of insertion and minor postoperative morbidity.
If the RLM is well placed anatomically, the epiglottis should be lifted anteriorly, leaving only the glottis or glottis plus the supported base of the posterior surface of the epiglottis, still visible. Functionally, even if this two-dimensional view shows malposition, the RLM may perform adequately because gas moves freely through the lateral spaces adjacent to the aperture bars or edge of the bowl. Although the view is influenced by the experience of the anaesthetist and the size of the laryngeal mask, as demonstrated in previous studies using fibreoptic visualisation 3, 4, 6, 9, 11, 12, 13 , we noted that the epiglottis is frequently visible within the bowl of the RLM and that in some cases function is satisfactory despite no view of the vocal cords. When more than one attempt at placement is required, final position is more likely to be poor 6 . We used six clinical tests of position that best correlate with fibreoptic grade. The low incidence of observation of outward movement of the masks can be explained by the study methodology, whereby the circuit was attached prior to cuff inflation. The clinical tests of mask position that best correlate with a satisfactory fibreoptic view (namely, that only the vocal cords or the cords and supported epiglottic base are visible), are the ability to generate airway pressure of 20 cm H 2 O and the ability to ventilate manually 6 . Although the rate of the former was low, this was not unexpected, given mask cuff inflation to the minimum volume permitting gentle manual ventilation prior to spontaneous ventilation. Malposition may lead to complications such as trauma, obstruction and regurgitation. We did not specifically record airway complications, but the higher incidence of trauma with the SULM did not appear to be due to mask malposition.
The cuff of the RLM is highly permeable to nitrous oxide and cuff pressure increases rapidly during nitrous oxide anaesthesia, with consistent and linear increases during the first 30 minutes and a continued increase for over three hours 14 . We found that the cuff pressure of the RLM was higher initially than the SULM after inflation with similar volumes of air, reflecting a difference in compliance of the mask material. Like the PVC single-use LMA Unique™ 3, 4 , the cuff of the Portex mask is made from a material that is less permeable to nitrous oxide, preventing a rise in cuff pressure. We speculate that a minor fall in pressure observed over time may have been a measurement artefact associated with a small loss of air from the cuff in the process of taking the first measurement. Lower cuff pressure and stability during nitrous oxide anaesthesia are theoretical advantages of the SULM, eliminating the need for monitoring or intermittent cuff deflation to prevent increasing pressure on the pharyngeal mucosa. It has been postulated that prevention of mucosal pressure exceeding perfusion pressure might reduce morbidity, and limitation of cuff pressure to the minimum that creates a seal may reduce the incidence of subse-quent sore throat 15, 16 . Others have found that minor complaints such as sore throat, hoarseness and dysphagia are relatively common and unaffected by cuff pressure 13 . Experimental work suggests a poor correlation between external cuff pressure exerted on the pharyngeal mucosal wall and intracuff pressure 17 , although perfusion does fall at high mucosal pressures 18 .
It is likely that sore throat after laryngeal mask placement is multifactorial, arising from mucosal trauma, ischaemia and stretching of pharyngeal muscles. Our 13% incidence associated with the RLM is consistent with the 6 to 30% reported previously 3, 6, 8, 12 . A 39% incidence with the SULM is higher than 14% described by Verghese et al for the PVC LMA Unique™, but in their study questioning was limited to the recovery period 4 . Factors other than the method and timing of questioning may lead to increased reporting of sore throat. These include female gender; insertion with the cuff fully deflated; the use of a larger size mask in spontaneously breathing patients; multiple insertions; high initial cuff volumes and longer duration of anaesthesia 8, 9, 12, 15, 19 . Blood on the RLM at removal is seen in 6 to 15% of cases 4, 8, 11, 12 and 2% to 19% with the LMA Unique™ 3,4 . We found a higher incidence with the Portex SULM evaluated in this study. As noted with the LMA Unique™ 5 , the tube of this mask appeared less flexible than the RLM and participating anaesthetists commented that it was more difficult to manoeuvre the mask tip past the posterior pharyngeal wall. As with the RLM, it is possible that the incidence of mucosal trauma and sore throat might be reduced by insertion of the Portex SULM with the cuff partially inflated 8 . Logistic regression did not identify blood on the mask at removal as a predictor of sore throat. While a causal relationship cannot be assumed, our finding of a significantly higher incidence of both blood staining and of sore throat in the SULM group supports direct mucosal injury as a plausible risk factor for postoperative sore throat. Direct trauma due to malposition also appears the most likely explanation of rare cases of glottic injury and neuropraxia 19 .
This study has a number of limitations. Only a size 4 of each type of laryngeal mask was evaluated, this being the recommended size for the RLM in adult females during positive pressure ventilation 3, 10 , and that recommended for females of 50 to 70 kg by the manufacturer for the new SULM. Our results may not apply to other sizes of mask or to use in males. The outer diameter of the Portex SULM tube is greater than that of the equivalent size RLM, which may have contributed to greater difficulty with insertion. It is possible that a smaller size Portex SULM may be preferable in the population we studied. Grady et al found that, in spontaneously breathing patients, choice of a size 3 RLM for adult females and size 4 for males was more appropriate, reducing the risk of sore throat 9 . Some anaesthetists like to partially inflate the cuff before insertion, although studies conflict as to whether this affects the success of insertion of the RLM 8, 12 . Partial inflation reduces mucosal trauma and sore throat 8 and although this method has not been evaluated for PVC SULMs, it might prevent impingement of the PVC cuff tip on the posterior pharyngeal wall. We did not study patients under neuromuscular block and our results may not pertain to such cases, although muscle relaxation does not improve the ease of insertion provided the depth of anaesthesia is adequate 20 .
We also provide no information about the function of the Portex SULM during positive pressure ventilation. The observer in this study was not blinded to group allocation, introducing the possibility of bias, especially in favour of the familiar RLM. No anaesthetist had experience with insertion of the Portex SULM, as it had not been marketed when the trial commenced, and the majority will have placed only a small number of these laryngeal masks during the trial. The use of multiple operators increases the generalizability of our findings, but may have biased results in favour of the RLM. We consider this unlikely to have been an important effect, given the extensive clinical experience of the anaesthetists and the general similarity of design of the two masks. Even health care workers with no experience achieve high success rates with insertion of a laryngeal mask 21 .
Our study methodology did not allow us to determine whether there was a learning curve for insertion of the SULM. Insertion of the RLM by experienced anaesthetists is usually easy, although some difficulty occurred in 9% of our patients and other studies report higher incidences 4, 8, 9, 11, 12 . Three anaesthetists using the RLM for the first time had only a 75% success rate for insertion at first attempt 22 , suggesting that success may improve with experience. A final limitation of our study is that there are no comparisons of the Portex SoftSeal™ SULM and the LMA Unique™ SULM.
Despite environmental disposal issues, an advantage of a disposable mask is limitation of the potential for patient cross-infection. In Europe in particular, there is now considerable concern about iatrogenic spread of variant Creutzfeldt-Jakob dis-ease (vCJD). This disease, caused by a prion protein strain that also causes bovine spongiform encephalopathy 23 . It is transmitted by prion forms that are found mainly in the central nervous system and lymphoreticular systems, including the tonsillar bed, of humans who have vCJD. Prions are resistant to conventional thermal and chemical decontamination, and currently disposal of all potentially contaminated equipment, including surgical instruments, is recommended. Previously used and apparently clean, resterilized RLM are usually protein-stained 24 , indicating that current protocols for cleaning are ineffective in removing proteinaceous material. Laryngeal masks represent a possible source of disease transmission, especially as they are in contact with body tissue at high risk of infectivity. Carriers of prions are not detectable and although there is no evidence to date of iatrogenic cross-infection of vCJD, experience with cross-infection of CJD by exposure to infected tissue and contaminated instruments indicates that concern is appropriate 23 . The Royal College of Anaesthetists in the United Kingdom currently recommends that all airway equipment placed in the mouth during tonsillectomy should be disposable or covered by a protective sheath 23 . Although the lack of flexibility of current SULMs is clinically a disadvantage in this setting, this recommendation may stimulate further use or development of single-use laryngeal masks.
Our estimate of the cost per use of the SULM versus the RLM was based on limiting the reuse of the RLM to the recommended 40 re-uses and the estimated salary and processing costs in our sterilization department. Actual costs will vary between institutions. Salary savings may not be fully realized if workload decreases are not matched with decreased staffing.
In conclusion, a new single-use laryngeal mask (SoftSeal™ Portex Ltd.) could be inserted at first attempt as frequently as the re-usable laryngeal mask airway (LMA Classic™ Laryngeal Mask Company), but insertion was rated as more difficult. The anatomical placement and function of both masks were similar in spontaneously breathing anaesthetized patients, based on clinical tests and direct visualization. The cuff pressure of the single-use laryngeal mask did not increase during nitrous oxide anaesthesia, compared with a rise for the re-usable laryngeal mask. The incidence of sore throat was significantly higher following use of the single-use laryngeal mask. The estimated cost per patient was higher for the re-usable laryngeal mask when salary costs were included.
